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INTRODUCTION 
Performance of an individual or group is commonly attributed to the 
combination of genetic ability and environment. The change in performance 
(p) of a group or population over time also has a genetic component (g) 
and an environmental component (t). Thus, the annual phenotypic trend is 
the sum of genetic trend and environmental trend or p=g+t. More precisely, 
g is the change in additive genetic merit per year and t is the remainder 
or the environmental change per year. 
There are a number of reasons for estimating genetic trend (Harville 
and Henderson, 1967). Such an estimate reflects the rate of genetic prog­
ress in field or experimental situations. A discrepancy between expected 
and obtained progress indicates incorrect theory or improper application 
thereof. Calculation of unbiased age correction factors is aided by 
knowledge of genetic and environmental trends. Perhaps the most important 
problem stemming from genetic trend is that it may be a bias in sire 
evaluation. 
Predicted Difference (Plowman and McDaniel, 1968), for example, won't 
accurately compare a sire used only in a recent period with another sire 
whose progeny are spread over a number of periods. The latter sire's 
daughters will have been compared to inferior herdmates if genetic trend 
is positive. Thus, he will appear to be better than he is relative to the 
bull whose progeny produced more recently. Similar points may be made 
regarding estimates of producing ability and breeding values for cows. 
Before being concerned with accounting for genetic trend, it must be 
estimated and found real. 
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The total trends in milk and fat yield for production tested dairy 
cattle are readily available. The problem is estimating either the genetic 
or environmental portion, the remainder being the other trend. Even in a 
carefully planned and executed laboratory situation, neither the genetic 
nor environmental portion can be expected to remain exactly constant to 
allow perfect measurement of the other. Schemes involving a control popu­
lation or repeated matings are subject to random sampling and accuracy of 
measuring genetic or environmental trends is, therefore, a function of 
numbers. Approaching the estimation of trends through field data allows 
the use of vast quantities of data, but puts one at the mercy of unknown 
selections, preferential treatments, and accuracies of parentages, birth-
dates, etc. 
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REVIEW OF LITERATURE 
Genetic trend estimation 
Nelson (1943) proposed least squares estimation of environmental 
change which used successive records of cows. Rendel and Robertson (1950), 
pointed out that estimates of genetic and environmental trends from that 
approach were biased and useless since age correction factors were con­
founded with environmental change. Even small errors in age adjustment 
will lead to serious errors in estimates of trends. Henderson et al. (1959) 
suggested a maximum likelihood approach which would consider repeatability. 
The resulting estimates were dependent on the repeatability used and devia­
tions of 0.01 in repeatability altered estimates for fat trend by 0.04 kg 
per year (Henderson, 1958; Walton and Lush, 1962). Walton and Lush (1962) 
found estimates of trends even more sensitive to errors in age factors 
than repeatability and Henderson (1958) reported that for every unit a 
first lactation was overestimated, the estimate of environmental trend was 
biased down by 0.22 units. 
Rendel and Robertson (1950) used data from a well established herd to 
"estimate the genetic gains directly from the selection applied," although 
the word "expected" in place of "directly" would be more correct. Others 
(Acharya and Lush, 1968; Walton and Lush, 1962) also used this approach 
which is dependent on the heritability assumed. Robertson anu Rendel (1950) 
reported the four sources of genetic gain in a 2000 cow artificial insemi­
nation (AI) situation: 43% from bulls to produce bulls, 18% from bulls to 
produce cows, 33% from cows to produce bulls, and 6% from cows to produce 
cows. 
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Other workers in the 1950's limited their investigations of the 
genetic situation in field data to the differences between progeny of AI 
and natural service sires (Hahn et al., 1958; Tucker et al., 1960; Van 
Vleck and Henderson, 1961a; Wadell and McGilliard, 1959). Contemporary 
comparisons were predominately in favor of AI but there could be no infer­
ence to genetic trend in absolute terms. 
Most workers have used only first lactations as these records are 
free from most of the problems associated with selection, repeatability, 
and age adjustment. Assuming there was no selection as heifers, these 
cows represent an unselected sample of the additive genetic merit of their 
parents. We could then estimate the genetic trend of the parents through 
the offspring with a 3-4 year lag between the actual trend and our estimate 
of it. It is assumed through this paper that there is an equal trend in 
both sexes since any discrepancy could only be transitory. This is not to 
be confused with the source of the trend which is quite different between 
the sexes. 
Most of the recent research in this area is based on regression 
approaches, or modifications thereof, proposed by Smith (1962). These 
methods are founded on the following expectations of regressions: 
E(bp.T) =" g + t [1] 
E(bp.2/s) - 1/2 g + t [2] 
'VP).T/S> • 8 131 
^'"p-T/SD* " ' • 
The regression of performance (P) on time (T), bp,^, represents the total 
trend, g + t, while the expectation of the regression within sires (b^^^yg) 
is only t + 1/2 g, since the sires are held constant and only the dams 
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contribute to genetic progress. The expected value of the within sire 
regression on time of deviations from the population mean (P), ^ (P-P).T/S' 
could be written as (t + 1/2 g) - (t + g), thus the -1/2 g. The regres­
sion of performance on time within sire and dam (D), contains 
only the environmental trend as subjects within a subclass have the same 
parents and are expected to have the same breeding value. These equations 
can be combined in a number of ways resulting in estimates of t or g. The 
three combinations that have been used are listed below and will be re­
ferred to as Methods 1, 2, and 3, respectively. 
g • 2(bp.T ~ ^ p.T/S^ 
8 = ^p.x ~ bp.T/SD 
g = -2(b^p_^^^^g) [7] 
Such reference is flexible as there are many modifications, especially of 
1 and 3. For example. Method 1 indicates a general approach to the esti­
mation of genetic trend and will also be used to identify all variations 
of this approach. 
Smith (1952) notes that in the latter method "comparison of each sire 
with a population average which omits rather than includes that sire's 
progeny, will lead to some overestimation of genetic charge especially if 
only a few sires are involved." He also comments that the latter method 
avoids year to year envircnziental fluctuations. Equation [2] assumes the 
within sire regression of dam's age on time, is zero. (g is the 
regression parameter, and b is the regression estimate). However, older 
sires may tend to be mated to older cows. Smith accounts for this by 
modifying Equation [2] so it becomes 
^^^P'T/S^ " ^ ® ^DA'T/S'/-' 
ô 
Everett et al. (1967) alter Equation [1] to consider the regression of age 
of dam on time, yielding 
g 
E(bp.^) = t + g(l - [9] 
The effect and logic of Equations [8] and [9] become obvious by considering 
age regressions of 0 and 1. Thus, the Method 1 estimator changes from 
Equation [5] to 
- . , Vl - t-p-I/S _ [IC] 
DA'T/S DA'T 
Since would not be expected to deviate much from zero it is often 
ignored. The Og^'T/S ~ ^ D\*T ^ measure of non-random allotment of dams 
to sires, with respect to the age of dams, as sires get older. 
We have not yet considered selectivity among mates for production. 
Consider the case where older sires are mated to better cows. This will 
cause the ^-p'T/S larger than it should be and g will be underestimated. 
Including this bias in the expectation of Equation [8], 
1 -
DA'T/S . . . 
^^°P'T/S^ " 2 g -r uu//: 
where AD is the within sire trend in the additive genetic merit of dams 
relative to all available mates. One half of this bias will be passed on 
to the progeny. This bias is removed from by subtracting AD/2. 
Harville and Henderson (1967) estimate AD as heritability times the within 
sire-herd subclass regression of dam's deviated production on sire age or 
time, "T/HS" Thus, their Method 1 estimator was 
- . ,  ; Vx/Hs -
DA'T/HS 
Note that was not included in the denominator. 
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Everett et al. (1967) estimated a term, AC, defined as the bias due to 
culling of dams over time, and calculated as bp,^ - ^alf of AC 
was subtracted from in their estimator which was otherwise the same 
as Equation [10]. It seems that AC is a phenotypic trend, not genetic as 
they stated, and should be regressed by heritability. Further, it should 
be added rather than subtracted. 
Smith (1962) proposed that calculating within age of dam would 
account for any changes in dam's age over time as well as progressive 
culling. This was used by Burnside and Legates (1967) who also applied a 
correction to the full sib data used in Method 2. The existence of full 
sib data may be dependent on favorable performance of the first daughter 
from a particular mating. Thus, would be somewhat negative even 
in the absence of an environmental trend in the population. They adjusted 
for this selection bias by subtracting 78 kg of milk from each first full 
sister. 
Miller e^ al. (1969) estimated sire merit by averaging all direct and 
indirect comparisons among sires. Each comparison was weighted by the 
inverse of the variance. This procedure considered the sire of each herd-
mate and was free from bias due to genetic trend. They used these unbiased 
estimates of sire merit to obtain an average preeding value of the sires of 
cows in each of 21 year-seasons. Twice the regression of these averages 
on time produced an estimate of genetic trend. This general approach will 
be referred to as Method 4. 
Estimates of genetic trend 
Van Vleck and Henderson (1961a) were the first to publish annual 
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estimates of the genetic difference between the progeny of AI and natural 
service (NS) sires. First lactation records of 24,995 AI progeny and 32,831 
NS progeny were compared by within herd-year-season contemporary compari­
sons. Genetic differences were obtained for each of nine years. Trends 
of the genetic differences in the last seven years were about one-half per­
cent of the mean. Using the same data, they estimated genetic change in 
the NS population by absorbing AI sire effects, then solved for AI sire 
effects corrected for the genetic change In the NS population (1961b). 
Their results showed annual genetic trend estimates of 20 kg of milk and 
0.8 kg of fat in the NS group compared to 25 kg and 1.2 kg in the AI group. 
Burnside and Legates' (1967) estimates of genetic trend from Methods 
1 and 2 were +55 ± 26 and +45 ± 16 kg for milk and 0.016 ± 0.005 and 
0.018 ± 0.003 for percent fat. Their data from the Holstein-Fresian Asso­
ciation of America were 34,380 first lactation records in 355 herds on 
continuous test during the eight year period. Only a small portion were 
AI progeny. Time was measured in years while most others used months, then 
expressed the answer in annual terms. Year constants were obtained after 
adjustment for the mean, seasons, year by season interaction, herds, and 
sires within herds. Regression of year constants on years should be essen­
tially the bp.Y/HS previously discussed and the expectations are the 
same, t + 1/2 g. These were obtained within three ages of dam and pooled. 
Only 32 percent of first lactations were used in those calculations and 
14 percent of the total were full sisters. 
Harville and Henderson (1967) applied three methods to six years of 
Hclstein data from Ncv York State. Their Method 1 estimator was as in 
Equation [12]. Only cows from artificially sired cows were included in 
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this portion. Their Method 2 and 3 estimators were as in Equation» [6] 
and [7] except that all regressions were within herds or sire-herd sub­
classes. They did not feel that there would be a sizeable bias in Method 
2 due to progeny performance in full sib families affecting family size. 
This was because such selection would require a four-year interval between 
the records of full sibs. Their ? in Method 3 was the average yield by 
other first lactation cows in the same herd, year, and season, but excluded 
other daughters of the same sire. Table 1 summarizes their results. 
Nearly 10,000 records were used by Method i and over 35,000 by Mechod 3. 
The within dam-sire-herd regression used in Method 2 was from 1,608 records. 
Estimates from Methods 2 and 3 are similar but quite different from Method 
1 for milk and the three are somewhat different for fat. 
Hargrove and Legates (1971) used Method 3 to obtain estimates pre­
sented in Table 2. Data were from six states over a fifty month period. 
Holsteins numbered 31,265 and there were 7,609 Jerseys. The overall esti­
mates of genetic trend for Holsteins are quite similar to the pooled esti­
mate of Karville and Henderson (1967). There is a sizeable fluctuation 
among years for the Holsteins. The Jersey estimates are accompanied by 
such large standard errors that no conclusions seem warranted. Phenotypic 
trends were 133 and 58 kg of milk for Holsteins and Jerseys, respectively. 
Other work is generally not as thorough as that previously reviewed, 
because other workers have neither had large numbers nor made comparisons 
of techniques as have the three just covered. Maximum likelihood estimates 
of genetic trends in 12 California Jersey herds ranged from -23 to +66 kg 
of fat corrected milk and averaged 34 kg or 0.7 percent of the mean annual 
yield (Arave _al. , 1964). Hillers and Freeman (1966) reported the annual 
10 







t + g 
Milk (kg) 
g 
-12 ± 38 188 ± 39 
68 ± 33 108 ± 32 
58 ± 23 118 ± 24 
47 ± 17 128 ± 17 
176 ± 8 
Fat (kg) 
g 
-0.1 ± 1.4 
3.0 ± 1.6 
1.6 ± 0.8 
1.5 ± 0.6 
6.4 ± 1.4 
3.3 ± 1.5 
4.8 ± 0.9 
4.9 ± 0.7 
6.4 ± 0.3 
Table 2. Estimates of genetic trend for Holsteins and Jerseys (Hargrove 
and Legates, 1971) 
Years 
Holsteins 




1 and 2 
2 and 3 
3 and 4 
53 ± 13 1.8 ± 0.5 
2 ± 36 0.0 ± 1.3 
85 ± 35 3.2 ± 1.2 
46 ± 35 1.4 ± 1.2 
25 ± 27 
30 ± 74 
26 ± 63 
-19 ± 69 
0.9 ± 1.3 
1.2 ± 3.6 
0.2 ± 3.0 
0.1 ± 3.3 
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genetic trend in 76 California Holstein herds to be 17 kg of milk, and 
0.33 kg of fat using Method 3. The P, population mean, used was the ad­
justed regressed herdmate average. Non-random mating within sires as they 
became older was considered regarding the dams' deviated yields. Since the 
regressions of dams' deviated production on time within sires were only 
+0.0021 for milk and -0.0002 for fat, no adjustments were included for AD. 
However, they did find a significant mating discrepancy among sires for 
the first ten dams, but none when sires were used more extensively. This 
type of non-random mating has no effect on our estimation of genetic trend. 
Method 3 was also used by Branton e^ al. (1967) with 772 Holstein records 
over 36 years in a university herd. Estimates of genetic trend were 51±34 
and 1.2±1.2 kg for milk and fat, respectively. Time was defined as a year-
season. Genetic progress per year in a herd of Indian cattle was estimated 
as 31 and 10 kg of milk by Methods 1 and 3, while 16 kg was the expected 
progress from direct selection (Acharya and Lush, 1968). Carter (1969) 
found that the superiority over herdmates for progeny of 19 sires declined 
an average of 118 kg of milk when evaluated on a second crop of daughters 
five years after the initial evaluation. This indicates a genetic trend 
of 48 kg per year. Verde ^  (1972) used a Method 1 approach similar 
to that of Burnside and Legates (1967^ to estimate genetic trend in 4,779 
Florida Holsteins, Jerseys, and Guernseys. For the three breeds, estimates 
were 33, 22, and 92 kg for milk, -0.7, 1.3, and 2.8 kg for fat, and -0.034, 
-0.008, and -0.048 for percent fat. Corresponding environmental trends 
for milk were 57, -10, and -23 kg. 
Miller et (1969) used Method 4 to estimate genetic trend in cows 
sired by bulls from a single AI stud. The estimated genetic trend among 
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daughters of proven bulls was 48 kg of milk, per year compared to only 18 
kg for daughters of sires being sampled. 
Genetic trend and sire evaluation 
Van Vleck and Henderson (1961c) found that contemporary comparisons 
for 235 AI sires were nearly perfectly correlated with and without adjust­
ment for trend among NS contemporaries. They concluded that genetic trend 
had not seriously affected the evaluation of contemporary sires but adjust­
ment may be necessary for sires used at widely different times or in popu­
lations with a larger genetic trend. Trend was accounted for only iù the 
NS portion where the trend was only 20 kg of milk. 
Harville and Henderson (1967) present an approach to sire evaluation 
that includes adjustments for genetic trend based on a function of the 
sire's birthdate and his age at the average date of his daughters' first 
calvings. Correlations between proofs before and after adjustment for 
genetic trend were essentially perfect. However, there were certain sires 
for which the adjustment was important. These generally fell into two 
classes; young sires, and those with a long period between first daughters 
and the evaluation. The current procedure of planned matings to produce 
future sires emphasizes the second class of sires and proper evaluation is 
of great importance. 
Carter (1969) showed that progeny superiority over herdmates for 19 
sires averaged 125 kg of milk but that an evaluation of a separate crop of 
daughters five years later averaged only 7 kg above herdmates. This 
clearly shows the problems associated with ignoring genetic trend. The 
conventional evaluations accumulate data across years and, assuming equal 
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usage in all six years, sires in the above situation would be overestimated 
by 59 kg, relative to the last year's estimate. Bumside and Legates 
(1967) state, "Even with annual genetic trends of as little as 50 kg, sires 
superior when selected for service may become comparatively mediocre if 
retained in service for an extended period." They point out that the use 
of frozen semen has increased the number of choices to be made concerning 
sires with progeny in different generations. 
Miller e^ (1969) found an average bias of 72 kg of milk in favor 
of proven sires over young sires when the Cornell Daughter Level was used 
to estimate sire merit. A least squares model containing herd-year-seasons 
and sires was suggested as a means of estimating sire merit free from bias 
due to trend. They (Lentz ejt ^1. , 1969) proposed an improved model, 
Y. = u + H. + G, + S,, + E. T where Y. is the first lactation record, ijkl 1 j jk ijkl ijkl 
adjusted for month and age at calving, of the 1^^ daughter of the k^ sire 
in the jsire group, and in herd-year-season i. S and E are random 
effects here but Henderson (1971) later also considers herds as random. 
Sire constants are adjusted for genetic trend if groups are properly de­
fined. The classificaton into groups is based on time of first use or 
age of sire. Groups are included so the regression of S , for number of 
J K 
progeny is toward the mean of the population of sires of which the sire is 
a member rather than toward . They augment the sire diagonal of the X'X 
2 2 
matrix by adding a ratio of variance components, a^/Og. Thus, sire esti­
mates are simultaneously regressed according to the amount of information 
for each sire. This is necessary if estimates to be unbiased since 
the estimate of merit for each sire is partly a function of the merit of 
herdmate sires. This procedure will be described further in the Methods 
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section. The estimate of one-half of a sire's breeding value, BV, is 
1 ^ . : 
2 - Gj + Sjk 
where S , indicates that the sire diagonal was appropriately augmented. jK 
This is a generalized least squares procedure providing maximum likelihood 
estimates of fixed effects and, if random effects are normally distributed, 
maximum likelihood estimates for them also (Searle, 1971). The have 
* 2 
maximum correlation with S^, and Z(S.. -S.,) is a minimum for all linear jk jk jk 
estimators from the data. They may further be described as a selection 
index criteria or a conditional mean given the observations. 
Methods 1 and 3 have been used more often than 2 and Method 4 was 
encountered only once in the review of literature. Estimates of genetic 
trends for milk and fat yield have been mostly positive and 0.5 and 1.0% 
of the mean annual yield. The comparison of young and old bulls is 
seriously biased by sire evaluation methods not accounting for genetic 
trend. 
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DESCRIPTION OF DATA 
The 220 Holstein herds were in the progeny test program of Midwest 
Breeders Cooperative (MBC). All 305 day M.E. DHI records from these herds 
were used without regard to when they entered the MBC program. These herds 
were intended to represent a cross section of management systems and levels 
of production. Participants currently receive a free mating appraisal 
service and in return, every heifer service is to a bull being sampled. 
Herd sizes averaged near the state averages. Other data are in Table 3. 
The time referred to in that table is the month of freshening with January 
of 1957 as the first month. Freshening dates ranged from mid-1957 to the 
end of September 1969. All records are first lactations defined as the 
first record initiated at 21 through 35 months of age. Records were ex­
cluded if they were from three time a day milking, less than 45 days in 
length, dry at less than 200 days, actual yield less than 907 kg or 5.4 kg 
per day, estimated birthdate, or contained a termination code indicating 
they saùu.xà not be usêd. 
As seen in Table 4, the majority of cows had both parents identified. 
Further, there is an obvious interaction ir. that if one parent is identi­
fied the other is usually identified and vice versa. The percent of cows 
identified by si^s is nearly half again as large as that reported for all 
official DHI lactation records. Presumably in the years after herds 
became cooperators with MBC nearly all cows were identified by sire and 
dam. We see from Table 5 that cows having parental identification had a 
higher average production. However, there appears to be an interaction as 
cows with neither parent identified averaged above those with only the dam 
identified. One should be cautious of interpretations as herds and 
16 




No. of first 
lactations 
Average Average 
milk (kg) fat (kg) 
Average time 
(months) 
Minnesota 175 9546 6032 215 118 
Iowa 34 2836 6083 220 102 
Nebraska 11 931 6155 224 110 
Overall 220 13615 6051 221 114 
Table 4. Numbers of cows for each level of parental identification^ 
Sire 
Dam Identified Unknown Total 
Identified 9714 (71.3) 670 (4.9) 10384 (76.2) 
Unknown 525 (3.9) 2706 (19.9) 3231 (23.8) 
Total 10239 (75.2) 3376 (24.3) 13615 (100.0) 
a. -Numoers xn par CninGS&b clCt: U c 1. li c OJ- COWr>» 
T?hlA 5. Average production for each level of parental identification^ 
Sire 
uarn Identified Total 
Identified 6099 (223) 5836 (212) 6082 (223) 
Unknown 6055 (222) 5931 (216) 5951 (217) 
Total 6097 (223) 5912 (215) 6051 (221) 
^Kg of -ilk with kg of fat in parentheses. 
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production level differences are almost certainly confounded to some extent 
with degree of identification. As expected, most cows were sired by MBC 
bulls and 15 MBC sires accounted for 37 percent of all identified cows. 
The mean, median, and modal months of calving and age at calving were July, 
August, September, at 27, 26, and 27 months of age. The means for time of 
freshening and milk and fat production were June 1966, 6051 kg, and 221 kg. 
There were 2445 herd-year-season subclasses with a mean, median, and 
high of 5.6, 4.2, and 33 cows. The subclass mean, median, and high for 
number of sires were 3.4, 2.4, and 18. For purposes of these calculations 
unidentified sires were treated as one sire. The mean and median number 
of herdmates (other first lactations in the same herd, year, and season) 
per sire-identified cow were 7.7 and 5.9. If paternal half sibs were 
removed these values drop to 6.6 and 5.0. 
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METHODS 
Estimation of genetic trend 
Methods 1, 2, 3, and 4, as previously discussed, formed the bases for 
the estimates of genetic trend from these data. These methods were modi­
fied, hopefully to Improve their accuracy. All regressions were computed 
within herd or within herd-sire subclasses, so the resulting estimates are 
Intraherd trends. Such calculations are necessary or the results may 
largely reflect peculiarities of the sample. For example, assume that 
there is no genetic or environmental trend in any herd in a sample. If a 
herd that is producing at other than an average level is not in the data 
for the whole period or does not maintain exactly the same numbers in each 
time class, then bp,^ ^  0. The difference from zero would be purely due 
to characteristics of the sample. Similar artifacts would be likely fcr 
^P'T/S' 
Except where other work or a modification is cited. Methods 1, 2, and 
3 will represent the formulas in Equations [13], [14], and [15], respec­
tively. 
o ^P'T/H " ^P-T/HS &°l/2 
— ri LIJJ 
DA'T/HS DA'T/H 
8 - ^ p-x/H " ^P'T/HSD 
g - -2 NP-p'T/KS - [15] 
DA'T/HS DA-T/H 
The AD^ account for the possibility that as sires age they are mated to 
cows of different merit relative to all possible mates and 
^1 " ^ ^^DP'T/HS ~ ^ DP-T/H^ ^2 " ^  ^ (DP-"F)'T/KS' 
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Both and the remainder of the numerator of Method 1 are differences 
between regressions while and the rest of the numerator of Method 3 
are both regressions of differences. The AD^ were paired with a specific 
Method due to that similarity. The formula is the same as used by 
Harville and Henderson (1967) but AD^ is described here for the first 
2 time. Heritability (h ) was estimated from the data as twice the within 
herd-sire regression of daughter deviation from the adjusted herdmate 
average (AHMA) on dam deviation from AHMA. 
The Method 1 estimator is different from that of all other workers 
although inspired by Harville and Henderson (1967) and Everett et al. 
(1967). Method 2 is the same as used by Harville and Henderson (1967). 
The Method 3 estimator ip the first of its type to incorporate adjustments 
for trends of dams' age and merit within herd-sire subclasses. This new 
approach resulted from the following expectation: 
(P-?)-T/HS^ = g(l - - g(l - S^^.T/y/Z) + ADg/Z. 
P, representing the population mean, was defined in four ways for compari­
son. All involved the term ''herdmates'' which are other first lactation 
cows freshening in the same herd-year-season, with seasons defined as May 
through September and October through April. and were the herdmate 
average (HM) with paternal half sibs included and excluded, respectively. 
and P^ were the AHMA with and without paternal half sibs, respectively. 
The AHMA was calculated as AHMA = YS + ^  ^  ^ (HM - YS) where YS is a year-
season mean calculated from the data, n is the number of herdmates, and 2 
is the approximate ratio of the variance component for error to that for 
herd-year-season. The actual ratios from these data were 1.85 for milk 
and 1.91 for fat. P^ is implied where 7 is not otherwise specified. This 
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is the only work in dairy for which P includes paternal half sibs. 
Age of dam was not accepted as valid unless the herd was being tested 
at the time of her first lactation. This restriction would force 
and positive even though the corresponding parameters were zero. 
To illustrate, when a grade herd entered the testing program, birthdates 
for older cows were unknown or estimated with questionable accuracy. Using 
only dams' age when accompanied by a first lactation record means that in 
the first two years there would be no milking progeny where age of dam was 
known. In the third year, all first lactation cows would be daughters of 
two year old dams. In the fourth year, first lactation cows could be those 
produced by either two or three year old dams, etc. Thus, regressions in­
volving dams' age were inflated. The interest was in the difference be­
tween the regressions and this difference is not biased by missing age of 
dam information. The difference between these regressions was included in 
Method 1 and 3 estimates even though the individual regressions were 
biased. If b^, ^ was unbiased. Method 2 should have included a denomi-
DA*1/n 
nator of 1 - i 
To examine linearity of genetic trend, separate estimates were ob­
tained for two periods as well as overall. The second period was the last 
six year-seasons and the first period was the remainder. There were 6654 
cows in the first period and 6951 in the second. All regressions for 
within period estimates, including heritability, were confined to data 
from freshenings in that particular period except for information on dams. 
For example, for period 2, only cows freshening in the last three years 
of the data were used but information on their dams would be included 
even though the latter occurred in period 1. 
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The Method 4 estimator required estimates of sire merit free from 
bias due to genetic trend. Twenty-four times the within herd regression 
of sire merit (one-half the breeding value) on month of freshening esti­
mated intraherd genetic trend. This is an estimate of the trend in the 
genetic worth of sires used and we assume the same trend exists in the 
females. The main difference between this Method 4 approach and that of 
Miller £t al. (1969) is that here the calculations are within herds. 
Intrasample trends were computed as four times the weighted regression 
of "S^ on i where - Z n^^ / Z n^^ with as the unbiased estimate 
of half the breeding value of sire j, and n^^ is the number of daughters 
of the jsire, freshening in the i^^ year-season. The vector was 
used to examine linearity of trends although inferences to intraherd trends 
would not be wholly valid. 
A fifth estimator, Method 5, was developed in the course of this work. 
It involves only data from full sib families and is based on the following 
expectation, (p_p^.t/hsd^ = t - (t + g) = -g. The estimate of genetic 
trend is minus the within full sib family regression of deviations from the 
AHMA on time. If a reliable estimate of was available, the esti­
mator would have a denominator of 1 - -I* 
Methods 2 and 5 estimate the genetic trend in both parents while the 
others reflect only the trend in sires. We expect an equal trend in both 
sexes even if there is selection only in one. Thus, the assumption of 
equal trends does not imply that the sexes are equal as sources of improve­
ment. Smith (T962) points out that "since dams are daughters of sires 
of the previous generation, it is unlikely that different rates of change 
could exist in the two sexes over a period of time." However, if there is 
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a change in the rate of improvement in one sex, there will be a lag before 
that change is reflected in the other. 
All references to time, T, are in years although time was defined as 
months between January 1957 and the date of freshening of a cow for the 
actual calculations. The effect on the estimate of genetic trend due to 
the following approaches were to be examined: 
1. Five general methods, 
2. Three ways of accounting for merit of dams (AD^, AD^, and none), 
3. With and without age of dam adjustments, and 
4. Four definitions of P. 
Variances (V) of estimates of trends and their components were cal­
culated as below. Covariances between regressions were assumed zero. 
If not zero, they are probably positive which would decrease the variance 
of estimates of trends involving differences of regressions (Smith, 1962). 
Thus, our estimated standard errors may be too large. 
V(Y) _ ^2 
1*A b—X 
number of subclasses (Van Vleck e;t al. , 1960). 
V(b^ - bg) - V(b^) + VXbg) = V(b^ + b^) 
b V(b ) b^ V(b,) 
V(^) = —^ + -^=—7 (Kempthome, 1969) 
2 b2 b4 
V(b^ * ^2^ ~ ^ 1 ^ (^2^ V(b^) (derived from above). 
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Including genetic trend In sire evaluation 
Ninety sires, each having twenty or more daughters, were used to 
investigate the effect of genetic trend on estimating sire merit. These 
sires accounted for 7,536 of the 10,239 cows with identified sires. One 
estimate of sire merit was Predicted Difference (PD) calculated as 
2 
PD = ^^ —5" (Daug. avg. - AHMA) . [16] 
4 + (N-l)h^ + 4 c2 
This PD is confuted as defined by Plowman and McDaniel (1968), except the 
2 
attempt to account for herd genetic level is not included here. C is an 
environmental correlation among daughters in the same herd. PD^ used 
progeny of all sires as herdmates and PD^ restricted herdmates to daughters 
of the other 89 sires. PD^ and PD^ correspond to PD^ and PD2 but were 
computed without the final term in the denominator of the regression, thus 
treating each daughter as though in a separate herd. Two of the assump­
tions on which PD is based are that there is no genetic trend and that 
sires of herdmates are of equal merit for all daughters of all bulls. 
A least squares solution for sire merit will consider the sires of 
herdmates. Using a fixed model (Model I) Y. = y + H + S. + E , where ij K 1 3 1J K 
Y is the age corrected first lactation production of the daughter ij k 
of the sire in the i^^ herd-year-season, it is convenient and perhaps 
necessary to absorb and y. If the data are in order according to 1, 
then y and may be absorbed into the S equations as soon as all data 
from that i have been accumulated, thus saving considerable computer 
space and leaving a much smaller matrix to Invert. The normal equations, 
after that absorption, are (X'X)^ = (X'Y)^ where is a vector of 
sire effects and (X'X)^ and (X'Y)^ are as in Equations [17] and [18]. The 
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The (X'X). was restricted by Lagrange multipliers such that the S. sum to 
^ J 
zero. This was done by adding a ninety-first column and row cf ones to 
(X'X)A» except that there was a zero for the common element of that row 
and column. The ninety-first element of (X'Y)^ was also zero. 
Since sires are really random, not fixed effects as in Model I, each 
Sj was regressed by / (n^ + 19), which equals n^h^/[4 + (n_. -l)h^] if h^ 
0.2, to produce estimates of one-half sires' breeding values. 
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A preferable approach is to solve for the in the mixed model 
(Model II, not to be confused with Eisenhart's (1947) Model II) which is 
the same as Model I except S and E effects are random. This approach used 
the same (X'X)^ and (X'Y)^ as in Equations [17] and [18] but the ratio 
2 2 
a^/ag, taken as 19 which corresponds to a heritability of 0.2, was added 
to the diagonal of [17]. It was not necessary to place a restriction on 
the equations as the adding of 19 to the diagonal removes the singularity 
and forces the sire values to sum to zero. The resulting Sy's estimate 
one-half the sires' breeding values and the regression for numbers of 
daughters is simultaneous with the solution, making it both easier and 
more correct than regressing the estimates from Model I. However, this 
model will cause the better sires to generally be underestimated and 
vice versa if a positive genetic trend is present because the regression 
is toward the overall mean. For example, consider the sires used in some 
early, inferior period. They will all be increased in apparent merit by 
the regression, even outside the range of their collective estimates before 
regression. Conversely, a recent period could have the dozen best sires 
ever conceived but the regression might drop all of them below the esti­
mate of the lowest of them before regression. This regression to a point 
outside the range of observations is due to a failure to account for the 
changing merit of sires sampled at different times. Regression without 
considering the proper mean toward which to regress will negate some of 
the advantages of this model in accounting for the merit of sires of 
herdmates and hence, genetic trend. Thus, the estimates of sire merit 
from both Models I and II are biased by regression toward an inappropriate 
mean. The advantage of Model II over Model I is that the regression 
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is accomplished simultaneously with the solution for sires. 
An improved model. Model III, is = u + 
where is a fixed effect of the group of sires based on identifi­
cation number, and the sires within groups, S , 's, are regressed toward 
J ^  
the mean of the group from which drawn (Lentz et al.. 1969). 
The X'X matrix after absorption of u and is shown in Equation [19] 
and the corresponding right-hand side is shown in Equation [20]. Sires 
are random and 19 was added to the sire diagonal of [19]. The estimate of 
sire merit is S , + G.. Operationally, the group equations were collected 
J 
by summing the appropriate sire elements from the matrix and vector in 
Equations [17] and [18]. This was necessarily done before augmenting the 
sire diagonal. 
The S , within each group sum to zero. In order for the sum of all 
J K 
estimates of sire merit to sum to zero, Lagrange multipliers were used as 
described by Lentz ^  (1969), yielding the restriction that = 0, 
where m^ is the number of sires in the group. Operationally, a row 
and column is added to the (X'X)^ with zeros in the first ninety positions, 
then m^, m^, etc., through m^, then a zero in the final position and a 
zero for an added element to the (X'Y)^y 
Augmenting the sire diagonal by adding 19 corresponds to simulta­
neously regressing each sire estimate from a fixed model by x^, /(x^, + 19) 
where x^^ is the appropriate diagonal element of the (X'X)^. This or 
(X'X)^^^, is the "effective" number of daughters for sire jk and reflects 
the amount of information for that sire. This "effective" number and the 
actual number, n , would be the same where there is an infinite number 
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Figure 1. Equation [19] 
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of herdmates. If each daughter of a sire is in a different herd-year-
season and each has a number of herdmates, will be close to n,j^,. 
2 2 
The widely used regression factor of Nh /[4 + (N-l)h ] is equivalent to 
N/(N + 19) if h = 0.2. Thus, augmenting the sire diagonal by adding 
a ratio of variance components is analogous to a common regression for 
number of daughters. The difference for sire jk depends on the size of 
"-ijk-'-i' :oT!!-?or!erit of (Vvn A.  / . .. • F T i  .  •  AJK - - JK.- - (n?..,../n^  ...)] X j - J. 
The regression factor used in Equation [16] may be expressed as 
2 
4N 4 + 4  
4 + (N - 1) 4 S Zn(n - 1) ,2 
2 . _2 N 
*S + °E 
if h 
"s + 4 
This equals N 
°s + 4  
i - 4  + g - 1)4 + g^ <°s + °E> 




- 4 * 4 *  c:+4.> 
which also equals 
N 
« + :E + - 1) + 
4 ' L 4 u 
This may be expressed as N/(N + K) where 
2 r- _2t 
K.^+ c= 
[-il 
2 2 2 
If C - 0.14 as in PD calculations and Og/Og = 
K - 19 + 2.8 
19, 
Adding K to the sire diagonal simultaneously regresses sire estimates by 
X , /(x , + K) which is the same factor used in Equation [16] for PD except jK JK 
that the N in the numerator and the first N in the denominator have been 
replaced by or the "effective" number. 
Sires were assigned codes of 1 through 90 in order of registration 
number, with the two grade sires given 89 and 90. Sires were grouped 
based on registration number whose order showed a correlation with date 
of birth of .972. The 88 registered bulls were divided into five groups 
with the two grade bulls in a sixth group. Separations between the first 
five groups were made such that the sums of n/(n 4- 19), where n is the 
number of daughters of a bull, were nearly equal for all five groups. 
This optimum assignment of sires to groups is indicated in Table 6 under 
definition 1. The effect of groups on estimates of sire merit was observed 
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Table 6. Codes of sires assigned to groups under three definitions of 
groups 
Group Definition 1 2 3 
1 1-18 1-9,28-36 1-9,45-52 
2 19-36 10-18,37-44 10-18,53-62 
3 37-52 19-27,45-52 19-27,63-72 
4 53-72 53-62,73-80 28-36,73-80 
5 73-88 63-72,81-88 37—44,81—88 
6 89,90 89,90 89,90 
by comparing results from Model II and Model III having definitions 2 and 
3 for groups (Table 6) with the optimum method. Model III with groups as 
in definition 1 and all having K added to the sire diagonal. Those dif­
ferences indicate the loss in accuracy of estimating sire merit, attri­
butable to ignoring groups or improperly defining groups. Definition 3 
deviates more in time sequence from definition 1 than does definition 2. 
The matrices involved in Models I, II, and III, even with absorption 
of the H^, may require too much computer storage. Other than PD, an alter­
native is to collect only the diagonal elements of the (X'X)^ in [17], 
greatly decreasing the required storage but, as with PD, ignoring the 
sires of herdmates. Modified least squares solutions, called LSM^ and 
LSM^, result from adding K and 19, respectively, to those diagonal elements 
and solving. The estimate of sire merit is the jelement of the (X'Y)^, 
(X'Y)^j, divided by the diagonal element of the augmented (X'X)^, 
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(X'X) .. Thus, LSM = (X'Y) /(X'X) if the augmentation is by adding 
Ajj ij Aj Ajj 
K. If 19 was added, the right side of the formula expressed LSM^^. 
could have been calculated as in Equation [21]. 
J i« « 
tti 4 
where n^ is the number of daughters in the h herd, 19 * — - 1 with 
2 2 2 ^ h =0.2, 2.8* 4C /h, and the other symbols are as previously used. 
LSM^ is the same as [21] without the final term in the denominator. 
The relation between PD and LSM will be investigated in this para­
graph. Ignoring the off-diagonal elements of [17] and considering only 
one i, the resulting equation for a particular sire, j', is 
"ij'. 'j' = *1:'. '223 
-il'- 'r • "«'• '23] 
-y. • "ij'. '24] 
Notice that is deviated from the herd-year-season average in [22], 
but after accounting for the absorption of y and the deviation is from 
the average of herdmates with the daughters of sire j' excluded as shown 
in [24]. If [24] is summed over a number of herd-year-seasons, then 
solved for S.,, we have the herdmate difference that is basic to the 
J 
computation of PD, but this S^, is not the same as the solution found by 
summing [22] over the range of i, then solving for S_. , . Under certain 
conditions estimates from the latter approach, LSM if K was added to the 
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coefficient of , following the summation over i, and PD are identical. 
For example, if the sire has daughters in only one herd-year-season, equal 
all i where present, or equal deviations from daughters of 
other sires in all i where present, the two approaches yield the same 
solutions. For all other conditions the solutions will not be equal and 
those from LSM are preferred. 
Estimates of sire merit from PD^ and LSM^ were adjusted for average 
genetic trend in herdmate sires by adding bMg/4 to the estimate for each 
sire, where b is the regression for number and distribution of daughters 
as in Equation [16], M is the mean coded year-season in which a daughter 
freshened, taken as a deviation from a base year-season, and g/4 is the 
average effect on mean deviation from AHMA expected from an increase of 
* * 
one year-season. The adjusted PD^ and LSM^, PD^ and LSM^, are calculated 
as PD^ = b(Daug. avg. - AHMA + Mg/4) and LSM^ = LSM^ + bMg/4. PD^ also 
equals PD^ + bMg/4. 
There is a possible compromise between a solution involving a complete 
(X'X)^, and one which ignores herdmate sires or attempts to account for 
them in an approximate manner. With this approach, the PD or LSM from a 
previous evaluation is considered for herdmate sires. Operationally, the 
adjustments would be applied during the collection of daughter average and 
herdmate average. Thus, large matrices are not needed. The adjusted 
estimates of sire merit would then be used in the next pass through the 
data in an iterative process. For this paper, the procedures were done 
as fellow for reasons of economy but the outcome is identical to that from 
actually passing through the data, rather than using information accumu­
lated from the first pass. The calculation of the new PD, PD^,, for a 
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specific sire, j', is 
- "j' Daug. avg. - AHMA + ^  .J., Î 
•J -» 
where is the PD from the previous pass for one of the herdmate sires. 
The regression for numbers and distribution of daughters is b^,, the same 
as used in Equation [16]. A related approach for adjusting the PD was 
used where the PD^^ were replaced by PD^^/b^, the unregressed mean devia­
tion from the AHMA, referred to later as Dev^. 
Z ^ ii'- "ii- LSMpj 
1" 
or 
The approach using LSM was 
- q , . - ?i..) + j#j' 
in matrix notation where K has been added to the sire diagonal. This 
should lead to the same solutions as Model II. as it is merely iterating 
a solution from the Model II matrices. The mean deviations (Dev^) corres­
ponding to LSM , (X'Y) /n , were substituted for LSM in a fourth 
Uj -A.J Ij • Uj 
attempt at iterating a solution for sire merit more highly correlated with 
the optimum than were PD^ and LSM^. Estimates from PD2» LSM^, and the 
corresponding mean deviations were used to provide the initial estimates 
for all sires, while in actual practice the most recent value, or zero 
if no previous evaluation, would be used. 
In summary, ninety sires were evaluated by PD^, PD^, PD^, PD^, LSM^, 
LSM^, and bMg/4 added to PD^ and LSM^. Also, the sires were evaluated 
using Model I, Models II and III with the (X'X)^ augmented by both K and 
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19, and iterative procedures for PD^ and LSM^. Product moment correla­
tions were used to evaluate the results of these approaches, particularly 
the degree of agreement with the optimum method. Since basically the 
same data were available to all methods, the correlations are not inde­
pendent and conclusions involving comparisons of them will be somewhat 
subjective. 
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RESULTS AND DISCUSSION 
Genetic trend estimates 
Regressions that are components of the first three estimators are 
presented in Tables 7, 8, and 9 accompanied by their standard errors. 
The regression of performance on time is presented only for comparison 
with The differences show the importance of computing the total 
regression within herds. To use bp,^ one would need to assume that all 
herds were equally represented In all year-seasons. As this becomes less 
true, bp.2 will be increasingly determined by chance characteristics of 
the sample. Calculating regressions within herds leads to within herd 
trends which are more meaningful than "within sample" trends. 
It is obvious from Table 9 that the denominators for Method 1 and 
3 estimators need to consider both age regressions, since is 
large. Harville and Henderson (1967) apparently considered it zero as it 
was not included in their calculations. The difference between the age 
repressions. b_ _— - b_ _ will be abbreviated AA, a measure of the fX/ns r*i/n' 
within sire deviation from random mating with respect to age of dam. The 
Method 1 and 3 estimators without incorporating AA or AD will be abbre­
viated as and thus " ^p-t/HS^ 
^3 ^ ^ (?-P^)"T/HS. However, the most appropriate Method 1 and 3 
estimators are M^ + AD^ M_ + AD_ 
 ^ X J. , ~ J Z 
® ~ 1 + AA ® ~ 1 + AA ' 
respectively. 
Tables 7, 8. and 9 contain estimates for periods 1 and 2, however, 
unless they :irc specified, reference is to the overall data. The 
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Table 7. Regressions of milk yield on time^ 
Data Source 
Regression Overall Period 1 Period 2 
41.17 (4.98) - 25.92 (9.29) - 41.79 (18.22) 
^P'T/H 79.32 (4.81) 46.29 (9.84) - 25.51 (15.87) 
^P'T/HS 33.21 (14.04) - 6.99 (23.59) - 59.61 (36.87) 
^P'T/HSD -54.09 (54.52) -176.75 (91.88) -122.32 (118.90) 
^(P-P^)-T/riS -42.65 (15.15) - 23.07 (25.53) - 62.57 (40.52) 
^CP-P^i'T/HS -52.22 (15.02) - 19.55 (25.23) - 66.48 (39.70) 
t'CP-Pgï.T/HS -38.27 (14.48 - 20.60 (24.31) - 50.03 (38.86) 
^(P-P^)-T/HS -43.33 (14.27) - 23.71 (23.89) - 53.06 (37.99) 
K t> 
DP'T/H 76.52 (11.28) 54.38 (25.16) 74.17 (25.06) 
^DP-T/HS 88.28 (32.51) 79.98 (58.90) 98.40 (53.64) 
^(DP-P2)'T/HS 38.49 (32.40) 33.95 (58.11) 62.71 (53.41) 
^Units are kilogracs. Standard errors in parentheses. 
^Only for dans of sire identified daughters. 
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Table 8. Regressions of fat yield on time^ 
Data Source 
Regression Overall Period 1 Period 2 
bp.T 1.86 (0.18) 0.53 (0.33) -1.69 (0.64) 
^P'T/H 2.27 (0.17) 2.19 (0.35) -1.08 (0.56) 
^P-T/HS 1.81 (0.50) 0.56 (0.83) -1.32 (1.30) 
^P*T/HSD -2.20 (1.90) -6.99 (3.17) 0.10 (4.04) 
^(P-P^)-T/HS -0.90 (0.54) -0.37 (0.91) -1.30 (1.59) 
^(P-P2)-T/HS -1.06 
(0.53) 
-0.26 (0.89) -1.23 (1.39) 
^(P-P2)'T/HS -0.55 (0.51) -0.18 (0.86) -0.83 (1.36) 
^(P-P^)-T/HS -0.72 (0.50) -0.29 (0.84) -0.89 (1.33) 
. b 
DP'I/H 3.42 (0.39) 2.01 (0.87) 3.03 (0.88) 
^DP'T/HS 3.70 (1.12) 2.00 (2.00) 3.90 (1.84) 
^(DP-72)-T/HS 1.68 (1.12) 0.44 (1.99) 2.77 (1.83) 
^nits are kilograms. Standard errors in parentheses. 
^Only for dams of sire identified daughters. 
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Table 9. Regressions concerning age and heritability^ 
Data Source 
Regression Overall Period 1 Period 2 
. b 
DA-T/H .247 (.012) .314 (.027) .294 (.028) 
^DA'T/HS .399 (.035) .550 (.059) .464 (.058) 
 ^(P-Pj^ ) ' (DP-P^)/HS milk .212 (.022) .230 (.059) .192 (.035) 
fat .192 (.030) .271 (.063) .175 (.036) 
(^P-P])' (DP-P^)/HS milk .231 (.029) .263 (.061) .207 (.035) 
fat .200 (.030) .293 (.063) .152 (.036) 
^nits are kilograms. Standard errors in parentheses, 
b. 
Only for dams of sire identified daughters. 
information on periods in Tables 7 and 8, especially the standard errors, 
point out two important facets of genetic trend estimation - it is bene­
ficial to have both a large amount of data and to have it spread over a 
number of years. To illustrate, period 1 contains roughly half the total 
records and the standard errors are about twice the ones for all data. 
Periods 1 and 2 have nearly the same number of records but the latter is 
over a much shorter time for the regressions not dealing with dams and 
the standard errors are nearly doubled again. 
Many of the regressions are negative in period 2 where corresponding 
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Table 10. Estimates and standard errors for AD's and AA^ 
Estimate of 
Data source 
Overall Period 1 Period 2 
AD^ milk 5.44 (17.36) 13.47 (33.88) 10.05 (24.61) 
AD^ fat 0.11 (0.48) -0.00 (1.28) 0.26 (0.63) 
AD_ milk 17.81 (15.16) 17.88 (30.88) 26.01 (22.59) 
AD^ fat 0.67 (0.46) 0.25 (1.17) 0.84 (0.59) 
AA 0.152 (0.037) 0.236 (0.263) 0.171 (0.064) 
^Units are kilograms. Standard errors in parentheses. 
regressions are positive in period 1 and overall. This is largely due to 
the division into periods. Period 2 begins in the more favorable season 
and ends in the less favorable one so seasonal differences decreased the 
regressions. 
The estimates of heritability used in calculations of AD were ob-
2 tained by doubling the bottom six regressions of Table 9. Resulting h 
estimates are somewhat higher than expected and with small standard errors, 
especially for the overall and period 2 estimates. It may be that there 
is a reduced environmental variance in these herds. There is no signifi­
cant difference between estimates which use P^ and those using P^. 
Table 10 contains estimates used in accounting for within sire non-
random mating regarding age and production. The standard errors for dams' 
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production are probably a reflection of the small number of sire and dam 
identified cows whose dams also had a first lactation record in the data. 
These 3308 cows were only 24 percent of the total. Since deviations from 
herdmates are used in ADg, there may be little need for computing the 
regressions within herd-year-seasons as well within sires. If computed 
otherwise, the standard errors may be reduced for ADg. 
Estimates of genetic trend in kilograms per year are presented in 
Tables 11 and 12. Methods lA and 3A are quite similar in the overall 
data, however they use different AD's which happen to bring the estimates 
close together. Using the same AD's, the Method 1 estimates are about 14 
kg higher than for Method 3. The Method 2 estimate is considerably higher 
and accompanied by a much larger standard error. This is due to the low 
bp.T/HSD its large standard error. The (Table 7) estimated 
the environmental trends as -54 kg of milk and -2.2 kg of fat. This 
drastic rate of decline may; (a) be true, (b) be due to the small sample, 
672 cows in 342 full sib families with many multiple births, or (c) there 
could be selection based on the product of first mating. Generally a cow 
with a good record will have had better than average environment. A 
progeny from a repeat mating would be expected to receive average environ­
ment and would be negative and not reflect the real environmental 
trend in the herds. However, this situation requires a practical minimum 
of nearly four years between dates of birth for the full sibs. In these 
data, only three pairs had birthdates separated by as much as four years. 
Thus, a substantial bias from that source is unlikely. Further, if one 
has thought enough of the mating to repeat it, it seems reasonable that 
the second progeny would also tend to receive a favorable environment, at 
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Table 11. Escimates of genetic trend in milk (kg) 
Method Estimator Data Source Overall Period 1 Period 2 
M + AD 
lA ^ 84.8 (29.9) 97.1 (53.7) 66.8 (72.1) 
M + ad 
IB ; ^ ,/ 95.5 (29.3) 100.6 (52.8) 80.5 (71.6) 
1 "T AA 
IC + AD^ 97.7 (34.4) 120.0 (61.3) 78.2 (84.0) 
ID + AD2 110.0 (33.3) 124.4 (59.7) 94.2 (83.4) 
1^ IE ^ ^ 80.0 (25.9) 86.2 (45.2) 58.2 (68.9) 
IF 92.2 (29.7) 106.5 (51.1) 68.2 (80.3) 
2 ^P-T/H " ^P-T/HSD 133-4 (54.7) 223.0 (92.4) 108.7 (70.0) 
3A + AD2 
1 + AA 
+ AD^  
1 + AA 
81.9 (28.5) 47.8 (47.7) 107.7 (69,6) 
•m m -m  ^^   ^  ^\  ^ O \ f m / —f r\  ^\ /i.X HH.Z, \HO.OJ 3M-.X 
3C + AD2 94.3 (32.6) 59.1 (57.6) 126.1 (80.9) 
3D + AD^ 81.9 (33.7) 54.7 (59.2) 110.1 (81.5) 
3^ 3E . . 66.4 (25.2) 33.3 (40.0) 85.5 (66.9) X *r 
3F M_ 76.5 (28.9) 41.2 (48.6) 100.1 (77.7) 
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Table 12. Estimates of genetic trend in fat (kg) 
Method Estimator Data Source Overall Period 1 Period 2 
M + AD 
lA t ^ 1.94 (1.00) 2.63 (1.88) 0.63 (2.48) 1 + AA 
M + AD 
IB  ^^  2.42 (0.99) 2.85 (1.84) 1.12 (2.48) 
IC + AD^  2.23 (1.15) 3.26 (2.21) 0.73 (2.89) 
ID + ADg 2.79 (1.14) 3.52 (2.15) 1.32 (2.88) 
1^ IE 1.84 (0.92) 2.64 (1.57) 0.40 (2.42) 
IF 2.12 (1.05) 3.26 (1.81) 0.47 (2.82) 
2 bp-T/H " ^P-T/HSD 5.07 (1.91) 9.19 (3.19) -1.19 (4.08) 
M + AD. 
3A I + 1.54 (0.97) 0.50 (1.69) 2.15 (2.40) 
M. + AD, 
3B I + 1.05 (0.97) 0.29 (1.74) 1.65 (2.41) 
3C M + ADg 1.77 (1.12) 0.62 (2.08) 2.52 (2.79) 
3D M3 + AD^  1.21 (1.13) 0.36 (2.15) 1.93 (2.80) 
3^ 3E r+^  (0.89) 0.29 (1.39) 1.43 (2.34) 
3F M, 1.10 (1.02) 0.36 (1.72) 1.67 (2.73) 
least partially negating the bias. Since the present data contained one 
set of triplets and 113 sets of twins, accounting for about a third of 
the data, an effect from selection among heifers would be particularly 
unlikely. Intuitively, there is little to cause us to suspect that the 
first full sib received better genes or relative environment than the 
second. There were not sufficient data available to investigate a bias 
as done by Burnside and Legates (1967). Applying their correction to 
records of first full sibs would have produced estimates of genetic trend 
much closer to those from Methods 1 and 3. However, due to the previous 
discussion, such adjustment did not seem justified and was not applied. 
The estimates by various methods in Tables 11 and 12 vary consid­
erably, but not significantly, between periods. Period 1 estimates are 
higher for Methods 1 and 2 but lower for Method 3. Since estimates 
the total intraherd trend, the environmental trend, t, was obtained by 
subtracting the genetic trend from the total trend. Standard errors were 
nearly identical to those for genetic trend. Estimates of t for a few of 
the Methods are given in Table 13. A preponderance of negative values is 
evident. The data ended in the less favorable season which would tend to 
decrease t below that which would reflect only changes in management. 
Period 1 also ends in the low season and would be more affected by this 
peculiarity of the data. Period 2 begins in the more favorable season and 
end: in the poorer season and would be especially affected since it is 
only three years long. It would be advisable to adjust records for month 
or season of calving to get meaningful estimates of environmental trends. 
A negative environnieatal tread need not be viewed unfavorably as it may 
indicate changes to more efficient operations. 
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Table 13. Estimates of environmental trends for milk and fat 
Method Milk (kg) Fat (kg) Overall Period 1 Period 2 Overall Period 1 Period 2 
lA -5.5 -50.8 -92.3 0.93 -0.44 -1.71 
IB -16.2 -54.3 -106.0 0.45 -0.66 -2.20 
IF -12.9 -60.2 -93.7 0.75 -1.07 -1.55 
2 -54.1 -176.7 -134.2 -2.16 -7.00 0.11 
3A -2.6 -1.5 -133.2 1.33 1.69 -3.23 
3B 8.2 2.1 -119.6 1.82 1.90 -2.73 
3F 2.8 5.1 -125.6 1.77 1.83 -2.75 
Method 3 estimates in Tables 11 and 12 used as the population 
mean. These are repeated in Tables 14 and 15 for comparison with three 
other P's. Deviations from adjusted herdmate average rather than herd-
mate average decreased g about 8 kg of milk when PHS were included and 
about 15 kg when they were excluded. Including PHS reduced g by about 9 
or 17 kg of milk, with and without the regression for numbers of herd-
mates, respectively. Smith (1962) states that no cows should be excluded 
from P since that would result in an overestimation of genetic trend. 
Hargrove and Legates (1971) exclude PHS but regard this as causing only 
a "slight inflation." The amount of inflation in these data is the 9 or 
17 kg of milk mentioned above. Smith (1962) indicates that even the cows' 
own record should be included in P, however P^ and P^ should be very 
similar to such a ?. Since P^ does not contain a regression and P^ does. 
Tab^e 14. Estimates of genetic trend for milk (kg) using four definitions 
of P in Method 3 
Population Mean (P) 
Ù A  adjustment AD adjustment P^ P^ P^ 
Yes AD2 89.5 106.0 81.9 90.6 
Yes ADi 78.8 95.3 71.1 79.9 
No None 74.0 90.6 66.5 75.2 
No AD2 103.1 122.2 94.3 104.4 
No ADi 90.7 109.8 81.9 92.0 
No None 85.3 104.4 76.5 86.6 
TabjLe 15. Estimates of genetic trend for fat (kg) using four definitions 
of P in Method 3 
Population Mean (P) 
AA adjustment AD adjustment P^ P^ P^ P^ 
Yes AI>2 2.15 2.43 1.53 1. 63 
Yes ADi 1.66 1.93 1.05 1.34 
Yes None 1.56 1.83 0.96 1.25 
No AD2 2.47 2.78 1.77 2.11 
No ADi 1.91 2.22 1.21 1.55 
No None 1.80 2.11 1.10 1.44 
should provide estimates more like those of Method 1. For the same 
definition of AD, estimates from Method 3 using P^ (Tables 14 and 15) are 
only about 6 kg of milk and 0.2 kg of fat higher than those for Method 1 
(Tables 11 and 12). Other workers have either ignored or disagreed with 
Smith as those using a Method 3 approach have defined P as P^ (Acharya 
and Lush, 1968; Branton e^ , 1967; Harville and Henderson, 1957) or P^ 
also adjusted for breed average (Hargrove and Legates, 1971; Hillers ard 
Freeman, 1966). 
Generally there would be a positive relationship between AD and AA 
as the older cows tend to be the higher producing cows. Thus, there is 
some negating of effects so that ignoring both adjustments will often be 
better than including only one. Examination of Table 11 shows that both 
adjustments have substantial effects, but that applying neither results 
in virtually the same estimates as applying both which is expected to be 
the best approach. This relationship does not hold as well for Table 12 
but these estimates are accompanied by much larger standard errors rela­
tive to the size of the estimates. 
Estimates of intraherd genetic trend from Method 4 were 49.9 ± 2.4 
kg of milk and -0.47 ± 0.09 kg of fat. These standard errors, as any 
using a similar method, are not comparable to those of the other methods 
as the dependent variables are functions of means of production variables. 
The standard error would be approximately on the same basis if multiplied 
by the square root of the average number of daughters per sire. This 
factor is 8.72 and yields approximate standard errors of 20.9 aud 0.78. 
Method 4 estimates are dependent on the sire values used. The same method, 
b" • using estimates of sire merit from group definitions 2 and 3, Table 6, 
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produced estimates of genetic trend for milk of 40.1 and 31.1 kg, respec­
tively. It is possible that a definition using more groups, with sires 
divided as 1-9, 10-18, etc., would have resulted in a g of 60 or more kg 
of milk. Proper definition of groups is critical if Method 4 is to yield 
valid estimates. This is a serious drawback to an otherwise excellent 
approach. 
Method 5 provided estimates of 142.2 ± 54.5 kg of milk and 4.52 ± 1.85 
kg of fat. These are among the estimates expressed as a percent of mean 
annual yield in Table 16. The Method 4 estimate of fat trend is conspic­
uously low while the estimates from Methods 2 and 5, those using full sib 
data, seem too high, over two percent. This is near the maximum possible 
(Rendel and Robertson, 1950; Specht and McGilliard, 1960; Thomson and 
Freeman, 1972). Although a bias in full sib data as reported by Burnside 
and Legates (1967) is highly unlikely, there still is something unique to 
full sib families in these data. The unusually high estimates may also 
be due to sampling as they are not significantly different from estimates 
by Methods 1 or 3. The estimates for fat by Methods 1 and 3 and for milk 
by Method 4 are the most similar to the findings of other workers. In 
view of the foregoing discussion. Method 3A appears to be the best of 
those examined. Method 1, with variations, has nothing to offer over 3A 
and may be more affected by environmental fluctuations (Smith, 1962). 
Smith (1962) warned that sires in prolonged use have been selected 
based on early progeny and generally regress toward the mean in later 
progeny. This will bias estimates of genetic trend but requires that 
such sires have some daughters separated by at least four and probably 
six years. In these data, only two sires were even close to having a 
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Table 16. Intraherd genetic trend estimates as a percent of mean annual 
yield 
Method Milk (kg) Fat (kg) 
lA 1.39 0.88 
2 2.20 2.29 
3A 1.35 0.70 
4 0.82 -0.18 
5 2.35 2.04 
number of daughters separated by that much time. 
Information needed to estimate intrasample genetic trends was avail­
able as a by-product of intraherd calculations. These estimates are in 
Table 17. Each group constant from the optimum sire evaluation method 
estimates one-half the weighted average breeding value of sires in that 
group. Genetic trend was estimated as twenty-four times the regression 
of the group constant on average month of birth fcr sires in that group. 
These estimates are on the last line of Table 17. Similar regressions of 
group constants from definitions 2 and 3 yielded g's of 22.5 and 14.7 kg 
of milk, respectively. Again, as with the earlier discussion, proper 
group definitions are essential in order to obtain unbiased estimates of 
genetic trend. These are smaller than for intraherd estimates. Method 
1 and 3 estimates were calculated using the formulas for and , respec­
tively, except that the calculations were not on a within herd basis. The 
differences between the estimates of intraherd and intrasample trends in­
dicate that it is necessary to be specific about the population from which 
-to 
Table 17. Intrasample genetic trend estimates 
Method Milk (kg) Fat (kg) 
1 48.8 1.70 
3 56.4 0.77 
4 41.2 -0.41 
Groups 48.9 0.39 
inferences are made when referring to trends. Unless specified other­
wise, trends are intraherd throughout this report. 
The average breeding value of sires of first lactation cows fresh­
ening in each of twenty-three year-seasons is plotted in Figure 2. The 
breeding value for each sire is twice the estimate of merit from the 
optimum evaluation. The first year-season is May through September of 
1958 and the last is the same season in 1969. The points for milk are 
unstable initially, probably due to the smell numbers of records, but go 
up fairly steadily beginning with year-season 11. In contrast, the plot 
for fat has three somewhat linear segments. Only the points from year-
season 12 on are based on a reasonable amount of data and the fat trend 
was erratic but generally downward in this region. Weighted regressions 
of the data depicted in Figure 2 are given in Table 18. The estimates are 
vastly different between periods and the exclusion of two outstanding 
sires had a large impact for both milk, and fat. 
Some discussion is needed concerning the inconsistency of estimates 
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Figure 2. Average breeding value for sires of first lactation cows freshening in each year-season 
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Table 18. Intrasample estimates of genetic trend from the regression of 
mean sire breeding value on time 
Period Milk (kg) Fat (kg) Milk^ (kg) Fat^ (kg) 
1 7.8 ± 6.6 0.27 ± 0.18 3.4 ± 5.8 0.24 ± 0.18 
2 90.8 ± 8.6 -0.47 = 0.23 49.3 ± 15.3 -1.65 ± 0.44 
Overall 41.3 ± 5.8 -0.41 ± 0.12 24.7 ± 4.4 -0.68 ± 0.16 
^Estimates with tvo outstanding sires excluded. 
in the estimates may be easily observed in Table 16. Since fat yield is 
a function of both milk yield and percent fat and the covariance between 
milk and test is probably negative, the variance for fat has positive 
contributions coming from three directions. Also, occasional fads and 
periodic concern over fat test, which may represent changing goals of 
selection, will add to fluctuations and increase the variability in the 
estimate of linear trend. If the erratic estimates of sire merit for fat 
in Figure 2 are near parameter values, the differences in estimates of 
trend may be reflecting different portions of the sample being used by 
the different methods. 
Effect of genetic trends on sire evaluation 
The ninety sires were represented in 198 herds of which 187 had 
comparisons of at least two of the ninety sires in at least one year-
season. These 1330 usable herd-year-seasons contained 6824 cows. The 
(X'X)^ of Equation [17] had non-zero values for 32.4 percent of the 
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off-diagonal elements indicating that the average sire had direct compari­
sons with about one-third of the other sires. 
Table 19 shows that estimates of sire merit from regressing sire 
constants from the fixed model (Model I) were not nearly as highly corre­
lated with the results of Model III as were those of Model II. Although 
not directly related to genetic trend, this comparison is presented to 
demonstrate the advantage of the simultaneous regression for all sires as 
in Model II. These regressions used 19 rather than K. 
Table 19. Correlations of regressed least squares (from Model I) and 
Model II solutions with the optimum evaluation 
Model Milk Fat 
I .915 .896 
II .972 .990 
Correlations among ten estimates of sire merit for milk and fat are 
2 in Table 20. The inclusion of C in the regression had no general effect 
on ranking since all correlations between methods differing only in the 
2 inclusion of C were above .99, i.e. the correlations for PD^ and PD^, PD^ 
and LSM^ and LSM^, etc. As expected, results from Model II were most 
highly correlated with the optimum method (Model III augmented by K), LSM 
was next, followed by PD. Correlations for fat were generally higher than 
corresponding correlations for milk. For milk, correlations with the 
Table 20. Correlations among estimates of sire merit^ 
Models 
III (K) III(19) II (K) II (19) LSM  ^ LSMg PD^ Pu2 PD3 
Ill(K) .994 .968 .965 .950 .943 .912 .931 .890 .913 
III (19) .992 . 9 6 2  ,972 .943 .950 .906 .926 .893 .919 
II (K) ,976 .984 .993 .990 .980 .958 .975 .943 .959 
II(19) .974 .990 . 9 9 ! )  .981 .986 .948 .967 .941 .963 
LSM  ^ .970 .979 .997 .991 .992 .960 .976 .946 .960 
LSMg .968 .985 .99.1 .996 .994 .950 .968 .948 .964 
PI)^ .921 .936 .953 .950 .951 .948 .979 .991 .965 
PD2 .946 .958 .974 .968 .974 .968 .977 .969 .991 
PD3 .887 .912 .92% .931 .922 .930 .988 .958 .967 
.927 .947 .  9 5 9  .960 .959 .960 .972 .994 .967 
^Correlations involving milk are above the diagonal and those for fat are below the diagonal, 
^For Models II and III, addition:; to the sire diagonal of the (X'X)^ matrices are indicated in 
parentheses. 
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optimum increased about 0.02 from PD^ to LSM^, increased another 0.02 by 
accounting for herdmate sires (Model II), and another 0.03 by including 
groups in the model. For fat, the corresponding increases were 0.024, 
0.006, and 0.026. PD^ was included to see if additional information would 
increase the correlation with the optimum over that for PDg. and PD^ 
were used since their correlations with the optimum might have been higher 
than for PD^ and PDg, respectively, because PD^ and PD^ did not adjust the 
herdmate average for the number of herdmates. In that respect, they were 
more like the optimum than were PD^ and PD2. None of these resulted in a 
higher correlation. PD^ was adjusted by adding one-tenth of the difference 
between the AHMA and the overall mean to the mean difference from the AHMA. 
Correlations between PDg's with and without this adjustment were .999 for 
milk and .994 for fat. The adjusted PD^ for fat had a lower correlation 
with the optimum than did the unadjusted PD^ while the correlation for 
milk was unchanged by the added term. 
Table 21 gives the ranking from four other evaluations for the top 
and bottom ten percent for milk based on the optimum approach, if our 
interest was only in identifying these two deciles, any of the methods 
will give reasonable results. The top four and bottom two sires are well 
established in those ranks. Although sires with both small and large 
numbers of daughters are represented in both groups, sires with more 
daughters tended to be lower in the rankings. The correlation between 
number of daughters and the optimum estimate of sire merit was -.118 for 
milk while it was .108 for fat. Sires ranged from 4 to 553 and averaged 
75 in the number of daughters used in these evaluations. Only those with 
twenty or more daughters were selected for this part of the study, but 
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Table 21. Codes and number of daughters of top and bottom ten percent of 
sires by the optimum evaluation for milk and their rank under four other 
approaches 
Sire Number of Optimum PD2 LSM]_ Group definition 
code daughters rank rank rank 2 3 
79 83 1 1 1 1 1 
42 189 2 2 2 2 2 
61 57 3 3 3 4 4 
54 33 4 4 4 3 3 
40 26 5 5 8 6 6 
41 134 6 9 5 7T^ 5 
62 18 7 8 9 5 8 
76 197 8 13 14 lOT 12 
8 34 9 10 7 lOT 7 
82 63 82 87 87 86 86 
1 42 83 78 80 80 79 
64 46 84 as 88 88T 88 
37 203 85 81T 83 85T 84 
17 279 86 81T 81 83 83T 
3 11 87 86 82 82 81 
16 62 88 85 86 88T 87 
60 170 89 89 89 89 89 
31 108 90 90 90 90 90 
^ indicates a tie. 
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some daughters were not included in calculations since they did not have 
herdmates sired by one of the other eighty-nine sires. There were some 
large changes in rank among sires not at the extremes of sire merit. Two 
sires tied for twenty-first under the optimum evaluation for milk dropped 
to sixty-first and sixty-second under PD2* They had only eight and ten 
daughters, respectively. The differences between PD^ and the optimum 
estimates of sire merit were 209 and 218 kg of milk. Large differences 
also occurred for sires with more daughters. A sire with 31 daughters 
showed a difference of 218 kg, while others with 72, 96, and 168 daughters 
had differences of 132, 95, and 113 kg of milk, respectively. The distri­
bution of differences will be presented later. 
The g used in Mg/4 to adjust for average genetic trend was from Method 
3A (Tables 11 and 12), believed to be the best of the approaches examined. 
Method 4 used estimates of sire merit from the optimum model and the re­
sulting estimate of g for milk was 0.61 of that from Method 3A, while the 
g for fat was negative. Suppose by trial and error we obtain g's that, 
when used to adjust for average trend, yield the highest correlations with 
the optimum sire evaluation for milk and fat. We should not be surprised 
if those g's are quite similar to those from Method 4. They have been 
derived from the same "data", the optimum estimates of sire merit. Thus, 
even though the estimates of genetic trend from Method 3A are likely the 
best of those studied, they may not be the estimates of trend which will 
adjust estimates of sire merit from PD^ or LSM^ to produce the highest 
correlations with the optimum sire evaluation. This discrepancy may be 
due to the approach referred to as optimum being the best of those used, 
but the application may have been suboptimal. 
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Table 22 presents results of adjusting for various portions of the 
Method 3A intraherd genetic trend. As expected from the above discussion, 
all adjustments for a positive genetic trend in fat decreased the corre­
lation with the optimum from that using no adjustment. Although not shown 
in Table 22, corresponding negative adjustments increased the correlation. 
For milk, correlations are near their maximum at a coefficient of 0.6 and 
maximum at 0.7 to 1.0 for PD^ and 0.8 to 1.0 for LSM^. There is insuffi­
cient evidence to say whether the g for milk from Method 3A or 4 is most 
applicable to these data. Coefficients of 1.1 to 2.0 were examined for 
PD^ milk and the correlations dropped from .945 to .927. These data 
indicate that application of an adjustment using g of the proper sign will 
improve sire evaluation even if that g is considerably too large or too 
small. PDg and LSM^ estimates of sire merit were adjusted for the corres­
ponding estimates or related deviations, Dev^ and Dev2, of herdmate sires. 
Correlations between the optimum evaluation and estimates resulting from 
iteration are in Table 23. Iteration improved correlations for milk under 
all methods with the first pass. The improvement for PD^ and Dev^ was 
shortlived as later rounds of iteration lowered correlations, especially 
for Dev^. Correlations under DeVg for milk peaked later and declined more 
slowly than for PD^ and Dev^. The correlations for fat under PD„ or Dev^ 
declined steadily. The pattern for Dev^ iteration for fat is similar to 
that of DeVg for milk. As stated in a previous section, the iterative 
solution using LSM^ leads to the same estimates of sire merit as Model II. 
The iteration process was programmed to terminate when consecutive esti­
mates of merit differed by less than 5 kg of milk for all ninety sires. 
There was no such convergence in nine passes except for LSM^. Correlations 
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Table 22. Correlations between the optimum evaluation and estimates 
modified by various portions of the average genetic trend^ 
Coefficient Estimate being modified 
of Mg/4 PD^ milk PD^ fat LSM^ milk LSM^ fat 
0.0 .931 .946 .950 .970 
0.1 .935 .944 .954 .969 
0.2 .937 .943 .958 .968 
0.3 .940 .941 .962 .967 
0.4 .942 .940 .965 .966 
0.5 .944 .938 .967 .964 
0.6 .945 .936 .970 .963 
0.7 .946 .934 .971 .961 
0.8 .946 .931 .972 .959 
0.9 .946 .929 .972 .957 
1.0 .946 .927 .972 .955 
coefficient of 0.0 indicates no adjustment for average genetic 
trend while 1.0 indicates tha maximum effect of g was applied. 
between results from Model II and the passes using PD^ for milk declined 
immediately, adding to the evidence that PD, is not an effective method 
to adjust for the merit of herdmate sires. Of the four approaches, only 
the use of LSM^ estimates appears satisfactory in accounting for merit of 
herdmate sires. An approach similar to the iteration with LSM^ could 
include groups, but was not undertaken in this study. Resulting estimates 
of sire merit should converge to the optimum estimates, as the procedure 
Table 23. Correlations between the optimum evaluation and results of 






S Dev^ LSM^ DeVg PD2 Dev^ LSM^ DeVg 
Initial .931 .931 .950 .950 .946 .946 .970 .970 
1 .939 .932 .963 .962 .936 .928 .975 .973 
2 .939 .924 .966 .967 .929 .918 .975 .975 
3 .937 .907 .967 .967 .922 .906 .975 .973 
4 .936 .890 .968 .967 .917 .891 .975 .972 
5 .934 .870 .966 .910 .879 .970 
6 .933 .851 .965 .906 .865 .968 
7 .933 .831 .963 .902 .853 .966 
8 .932 .811 .962 .898 .833 .963 
9 .931 .792 .960 .896 .818 .961 
^ev^ is the mean deviation from AHMA and Dev^ is the mean deviation 
from the nerd-year-season mean. 
would essentially iterate a solution for the Model III equations. 
Grouping of sires 
Genetic trend is accounted for if the estimates of merit for herd-
mate sires are unbiased and properly used. Model II comes rather close 
to accounting for genetic trend since the merit of herdmate sires is in­
cluded. The shortcoming of Model II, and the reason for groups in Model 
III, is that Model II estimates of sire merit are biased by regression to 
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an inappropriate mean, ti, the overall mean. 
Ideally, groups would consist of young sires obtained and sampled at 
the same time by an AI stud. The restriction of the same stud is unneces­
sary if all studs use the same criterion for selecting young bulls to 
sample. The regression in Model III is then toward the particular group 
mean regardless of selection within or between groups or the length of 
time a sire remains in service. A sire remains with a group throughout 
his use and generally no sire may be dropped from the data even though no 
longer available. An exception is that an entire group may be excluded. 
A useful restriction on groups is that a particular group constant equals 
a particular value. This allows for continuity between runs as groups are 
dropped and estimates of the merit for individual sires should remain 
relatively constant. 
Assigning sires to groups is difficult since sires may enter studs 
continuously and the separation between groups may be somewhat arbitrary. 
In data consisting of NS sires, AI sires chosen from NS, and young sires 
taken directly into AI under various selection criteria, the problem is so 
complex that a rigid definition will have only one or two sires in a group. 
Gathering the background information on which to base assignments to 
groups would be monumental. Obviously, a simplified definition is required. 
Considering only AI sires, possibly within studs, divisions may be made by 
registration number, birthdate, or freshening date cf first daughter. The 
latter is the best indicator of the time first used and therefore of the 
appropriate group unless the data is limited to certain herds or areas. 
In that case, gross misassignments may occur. In nationwide data, the 
three orders would be highly related. In less complete data, as dealt 
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with here, only the order of the first two may be particularly similar. 
In these data, the correlation between birthdate and order of registration 
number was .972 while that between registration number order and year-
season of first daughter record was only .615, similar to the correlation 
of .608 between sires' birthdate and year-season of first daughter's 
record. 
The appropriate ratio to add to the sire diagonal of the X'X or (X'X)^ 
2 2 is o /g , thus, a different ratio for each group (Lentz e^ , 1969). 
j 2 
Estimating a for each group is not practical, since by the time there are 
j 
sufficient data in a group to be confident of such an estimate, sires in 
that group have large numbers of daughters and regression is not as impor­
tant as for sires with fewer daughters. Further, it seems that using a 
2 different for each group implies that the groups have different herit-
J 2 2 2 2 
abilities since h = 4a /(a + a ). Thus, this work used a common ratio. 
S S £ 
Consider the consequences of placing a sire in a wrong group. Assign­
ment based on registry nun.ber, birthdate, or first daughter fresh date 
requires a somewhat arbitrary separation. Assuming that we never mix AI 
with NS groups, a sire moved to an adjacent group in time should not pro­
duce a radical change in the constant for either group. This is because 
of the expected similarity of adjacent groups and that all groups consist 
of a number of sires, perhaps at least a dozen. If genetic trend is 50 
units per year and sires are placed in yearly groups, the group constants 
would be expected to differ by only 25 units since we are dealing with 
one-half of the sires' breeding values. The estimate of merit for a sire 
is the sum of the sire and group constants for that sire. The regression 
for number and distribution of daughters, b, will dilute the error from 
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malassignment of sires to groups. The error in estimates of sire merit 
resulting from misassignment is approximately (1-b)(G - G ) where G and 
w r w 
G^ represent the constants for the wrong and right groups, respectively. 
For sires with limited information (small b), the difference between the 
group constants will be only slightly diminished and error will be large. 
For sires with large numbers of daughters, assignment to groups has little 
effect on the sires' estimated merit which will be virtually identical 
with that from Model II regardless of assignment. The average b in this 
study was 0.59. 
Table 24 allows comparison of correlations between the optimum eval­
uation and three other group definitions. Definition 3 (Table 6) seems 
about as different from 1 as possible, yet resulted in higher correlations 
with the optimum, which used definition 1, than ignoring groups. The 
distributions of absolute differences between the optimum and other esti­
mates of sire merit for milk are presented in Table 25. Model II does 
Table 24. Correlations of optimum estimates of sire merit with those from 
three other definitions of groups 
d e f i n i t i o n ^  ^ ^  
2 ,977 .985 
3 .973 .985 
None .968 .976 
^Definitions 2 and 3 were used with Model III and none indicates 
Model II. 
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Table 25. Distribution of absolute 
optimum estimate and estimates from 
differences for milk 
other definitions of 
between the 
groups and PD2 
Model III with group definition 
Range'' (kg) 2 3 ] %odel II PD2 
0- 20 31 24 26 11 
20- 40 22 26 20 23 
40- 60 27 18 27 20 
60- 80 8 19 5 14 
80-100 0 3 12 9 
100-120 2 4 
120-140 4 
140 + 5 
Average absolute 
difference^' (kg) 33 40 43 56 
Average squared . 
difference^»" (kg ) 3837 4872 5851 10691 
Estimates of sire merit were corrected for the mean under each 
approach. 
The estimates, after accounting for the mean (footnote a), were 
divided by the standard deviation of estimates under that approach. 
Differences were multiplied by the standard deviation of estimates under 
the optimum model. This places differences and squared differences on 
the same scale. 
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not include groups and PD^ is included to provide a point of reference, 
since PD^ is basically the approach used in this country for many years. 
The distribution and average for absolute differences, and average squared 
difference for PD^ are all less desirable than Model II or either group 
definition under Model III. The results in Tables 24 and 25 indicate that 
any definition of groups that is even vaguely chronological will improve 
sire evaluation over ignoring groups. 
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CONCLUSIONS 
Genetic trend for milk, yield is positive and real in these data. 
Intraherd trend is near 80 kg per year while the trend for fat is rela­
tively small, about 1.5 kg. Estimates relying on data from full sibs are 
subject to large sampling errors and possibly systematic biases. Method 
3 is recommended and Method 4 also if one is confident of having unbiased 
estimates of sire merit. In the latter, proper group definitions are 
essential. Including adjustments for age and merit of mates with Methods 
1 and 3 generally negated each other. Because the adjustments for merit 
of mates have large standard errors, no correction may be the best course. 
Either both or neither should be used as applying only one will certainly 
result in biased estimates. Sizeable biases may also occur with improper 
definition of the population mean used in Methods 2 and 5. 
Model III, augmented by K and with groups as in definition 1, was 
preferable to the other approaches used to evaluate sires as it accounts 
for herdmata sires, regresses for numbers and distribution of daughters 
simultaneously with the solution for sire constants, and this regression 
is toward an appropriate group mean. Each of the other approaches lack 
one or two of these advantages. Referring to this model as optimum indi­
cates that it is the best of those used but does not mean that it is the 
ultimate approach. An improved but more complex model would replace 
with year-seasons, a fixed effect, and a random effect, herds within 
year-seasons. The herd diagonal of the X'X would be increased by two, 
the approximate ratio of the variance component for error to that for 
herd-year-seasons. This model was not used in this study. 
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Using estimates of genetic trend to adjust for average merit of 
herdïïiates was beneficial where the estimate was of the proper sign even 
if the estimates were substantially in error. Accounting for herdmate 
sires by iteration using PD^ or the related mean deviations was not suc­
cessful while iteration for LSM^ increased the agreement with the optimum 
estimates and approached the estimates from Model II. The unadjusted LSM^ 
estimates were more highly correlated with the optimum evaluation than 
were those for PD^. Since the difficulties in computing PD^ and LSM^ are 
similar, there is little reason to use PD^ rather than LSM^, based on 
these results. 
Changing definitions of groups produced no large changes in estimates 
of sire merit as reflected by correlations or average absolute differences 
from the optimum estimates. However, it appears that any chronological 
grouping of sires will be generally preferable to ignoring groups. The 
error in the estimate of sire merit resulting from classification in a 
wrong group depends of the difference between the group constants and the 
size of the regression factor for number and distribution of daughters. 
Estimates for sires with regression factors near one are virtually un­
changed by such misassignments. 
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